


Materials Lifecycle

Useful Devices Need Identification Desired
Out Materials Properties

Rational

Design
/ New Targets \

Model Systematic Synthesis
Development New Materials

\ Materials /

Characterization

Discovery New Phenomena

T
== TOHNS HOPKINS

B Wiy
Iy I 1 '-‘f'.-/' I ﬁ ._Z& W



Energy Scales

Emergent properties arise A/W: Topological band insulator
from competing/balanced

interactions

U: Hubbard U

W: Bandwidth Band Metal

V,: Random potential
A, Electron-phonon
coupling
A: Spin-orbit
coupling
U/W: Mott-Hubbard

insulator
V,/W: Anderson

localization insulator

A, Charge density wave insulator
Adapted From Tokura (e.g. Peierls distortion)
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Materials by Design Gets Serious!

New $25 Million
NSF “Platform”
ACTIVE SUBSTRATE + THIN FILM on Interface
Materials —by
Design!
Director: Darrell Schlom (Cornell)

New Chemistry
New Physics
New Materials Science

http://paradim.cornell.edu



PARADIM: Unique Capabilities

High-pressure (supercritical fluid) floating-zone growth
Mass spectrometry and structure during bulk crystal growth

Integrated MOCVD + MBE + ARPES

High sensitivity, high dynamic range pixel array detector for
quantitative mapping of E and B fields
with sub-nm resolution

Stable cryo-stages for STEM and
STEM-EELS at 20 K and 80-1200 K

Available to the community via proposals
http://paradim.cornell.edu

Summer Schools to build a community of practitioners
Crystal Growth and Design, July 10t-15%, 2016 = --
Intro to Density Functional Theory for Experimentalists, July 25th 29th 2016




Bulk Crystal Growth at JHU
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McQueen Laboratory: Research Themes

e.g.: J.P. Sheckelton, et al. Nat. Mater. 11, 493-496 (2012)
M. Mourigal, et al. Phys. Rev. Lett. 112, 027202 (2014)

e.g.: .M. Caron, et al. Phys. Rev. B (Rapid) 85, 180405 (2012)
M. Mourigal, et al. Phys. Rev. Lett. 115, 047401 (2015)

e.g.: Z.A. Kelly, et al. Submitted (2016)

 © UNIVERSITY

e.g.: D.C. Wallace, et al. Dalton Transactions 44, 20344-51 (2015)



Enough of the advertising... onto the science

TIs and TCIs 3D Dirac Semimetal =~ Weyl Semimetals  Dirac States with Interactions
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Fermi ares

Bi, Sb,
[Bi],[Bi,(Se/Te),],
TIBi(Se/Te), Weyl Fermion Crystal
[GeTe], [Bi,Te,],
“Bi, Rh,],
*(Hg/Cd)Te Cd,As, TaAs Iridates, SmB,
**(Sn/In)Te Na,Bi YbMnBi, [TL,]TITe,




Enough of the advertlsmg onto the science
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Weyl Semimetals  Dirac States with Interactions

Fermi ares

conical
intersection

H,N(A) +OHX’T )

HoN (X) + OH(X? 1)

Weyl Fermion Crystal

TaAs Iridates, SmB,

e ooy YbMnBi, [T1,]TITe,
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SmB;: A Topological Insulator?

\*
-, + SmBg #22(BULK SAMPLE)
r \ + SmBg LAYER SAMPLE #|

p(Q cm)




Defects Rule, Physics Drools

Dope holes via Sm vacancies

Dope electrons via C for B

W.A. Phelan, et al. Phys. Rev. X 4, 031012 (2014)
W.A. Phelan, et al. Sci. Rep. 6, 20860 (2016)




SmB;: Probably a Strong 3D TI

R

/i (a) SmBg 5K
X : f 1216 meV
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Product of parities at these 8

points determines topological
character D e
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Theory
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Superconductors with Dirac States?

738 B. W. ROBERTS

TABLE 4 (Cont'd), Properties of Semiconductive Superconductive Materials
NOTE: "HF" Signifies high-magnetic-field data in Table 5,

. H, Crystal
Material Tc(K) (oersted) a Structure Tn(K-, ' Refs.
P, Sn 1 24- 2.2x10°2 930
0.4°%. 5
]-10 :\
Pb Sn Te 2.1- 1,1-1.8- g 1488
0-0.12°"1-0, 88 25 0 1x1020 _
1.85 :
Pb Sn Te 0.084- 5.3- 1674
0.25-0.457%.75-0.55"° 0 0%4 2 o162
FrTe 10'8.101¢ 0. 009 770
5.0x1020
Pisb, 3.7x10%0 0. 037 770
SbSn 1.60 2, 9x10%2 . 1005

F .

Sb, ... . ..Sn. n noo._




[Tl,]TITe;: A Perovskite
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T12*: Negative U
ion (U ~ -5 eV)

K.E. Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014)



Superconductivity ~ 2.5 K
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S SRS OEIE K. Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014)
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Energy (eV)

-0.4 1

ARPES (hard!)

-0.3 0.0 0.3 -0..3 0.0 0.3 -0.3 0.0 0.3
Momentum (1/A)

S SRS OEIE K. Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014)
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[ T1,](Tl,,Sny ) Tes: Surface States Survive

S SRRSO EIE  KE, Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014) and APL Mat. 3, 041507 (2015)

UNIVERSITY



Iridium Skutterudites

= r
S SRRSO EIE B A Trump, et al. Inorg. Chem. 54, 11993-12001 (2015)
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Ir,SN,;5e,

B.A. Trump, et al. Inorg. Chem. 54, 11993-12001 (2015)




Topological Phase Transition When Strained?

B.A. Trump, et al. Inorg. Chem. 54, 11993-12001 (2015)



Final Thoughts?
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